We report on a case of TMJ reankylosis (heterotopic bone) following total TMJ alloplastic reconstruction in a 40-year-old Black male. The heterotopic bone was excised following removal of the fossa component. The fossa component was re-inserted, and the periarticular tissue was grafted with fat procured from the abdomen. Patient was placed on an aggressive physiotherapy programme which was monitored for a period of 6 months. He returned for review one year later with a mouth opening of 27 mm. We present also a short review of the literature on heterotopic bone formation. This case is of particular interest in that despite the heterotopic bone around it; the prosthesis was preserved after the bone was removed.
Introduction
Temporomandibular joint (TMJ) ankylosis is defined as the inappropriate fusion of the mandibular condyle to the mandibular fossa and its surrounding bone.
This fusion may be bony, fibrous or fibro-osseous in nature [1] . The most commoncause is traumatic injury to the TMJ complex followed by local infection with rheumatoid arthritis and its related conditions as potential but less likely causes [2] . The exact pathogenesis of TMJ ankylosis in traumatic injuries is unclear; however it has been suggested that joint hypomobility, young patient age as well as the morphology of the condylar fracture may increase the risk of an-kyloses [3] .
The goals of treatment are to remove the ankylotic mass as well as improve the mandibular range of motion and masticatory function. Treatment options include bony autografts (costochondral, clavicular), interpositional grafts, alloplastic TMJ prostheses as well as gap arthroplasty [4] [5] .
Alloplastic TMJ prosthesis provide significant benefits such as lack of donor site morbidity, dimensional stability compared to autogenous costochondral grafts and the ability to provide earlier return to function as well as earlier initiation of post-operative physiotherapy [6] . They also reduce the risk of occlusal disturbances associated with gap and interpositional arthroplasties [4] . Disadvantages of TMJ prostheses include cost and judicious use in a skeletally immature patient due to predicted future craniofacial growth [6] . Complications associated with alloplastic prosthesis include infection, screw loosening, as well as heterotopic bone formation [4] [5] [6] .
We report on the management of a case which developed heterotopic bone formation around TMJ prosthesis as well as a discussion of the available literature relating to this complication.
Case Report
A 40 year old Black male patient presented to the Chris Hani Baragwanath Hospital Maxillofacial unit with the main complaint that he was unable to open his mouth and chew. Surgical history was significant for bilateral total alloplastic TMJ reconstruction done two years previously (Biomet Total TMJ prostheses, Biomet Microfixation, Jacksonville, FL, USA) post-traumatic ankylosis. This was followed by aggressive post-operative physiotherapy for a period of 3 months.
The patient was followed up for six months, after which he was lost to follow-up CT SCANS evaluation revealed significant heterotopic bone formation on the medial aspect of the left TMJ condylar component to the base of skull and extending onto the fossa component laterally (Figure 1 
Discussion
The use of total alloplastic TMJ prostheses in the management of TMJ ankylosis has eliminated the problems of donor site morbidity and unpredictable growth associated with costochondral grafts. They are however not without complications. Giannakopoulous et al. [7] reported on 442 Biomet joint prostheses over a 3 year period with the loss of 14 prosthetic components (3.2%) due to infection or heterotopic bone formation. Sanovich et al. [6] reported heterotopic bone formation in 2 out of 106 Biomet joint prostheses, a complication rate of 1.8%. [11].
The presence of dead space after total joint prosthesis placement leads to blood clot formation with subsequent organization. Pluripotential cells may then migrate into the area and be induced to differentiate into fibroblast and osteoblasts, with deposition of collagen and bone respectively [12] .
The HO process recapitulates the cellular and molecular events of endochondral bone formation in embryonic skeletal development and fracture healing [9] .
However, these events are temporarily and spatially unsynchronized, resulting in disorganized and non-homogenous HO bone [9] [13].
The development of HO around total alloplastic temporomandibular joint reconstruction devices was first described in 1992 by Lindqvist . A meta-analysis reviewing randomised controlled trials for the efficacy of non-selective non-steroidal anti-inflammatory drugs (NSAIDS) and cyclo-oxygenase 2 inhibitors demonstrated equal effectiveness in preventing HO [24] . The proposed mechanism of action of NSAIDs in preventing HO is their inhibition of inflammatory prostaglandins and potent co-stimulatory molecules for BMPs [9] . Cella et al. reported that 37% of patients prescribed NSAIDs for HO prophylaxis stopped taking these drugs, mainly due to their GIT side effects [23] .
In orthopaedics and lately in maxillofacial and oral surgery, low dose radiotherapy is regarded as a safe and efficacious method for preventing HO formation in sites such as hip, elbow, knee and TMJ, despite continued debate about its mechanism of action. Bisphosphonates have also been considered for use in the prevention of HO (through their production of cytotoxic metabolites within osteoclasts and inhibition of tyrosine phosphatase). Despite their relatively mild GIT effects, renal toxicity,flu-like symptoms and their potential to produce medically related osteonecrosis of the jaws (MRONJ) are causes for concern with chronic use [27] . For these reasons we did not consider prescribing bisphosphonates for our patient.
It has also been reported that replacement of the affected TMJ prosthesis with packing of autologous fat around the joint components reduces the risk of re-ankylosis by reducing dead-space available for hematoma formation and subsequent ossification [28] [29] [30] . Fat not only fills the dead space around the TMJR articulating components but also has a haemostatic effect on the surrounding tissues [20] . According to Wolford, fat graft may be inhibitory to heterotopic bone formation as well as isolate any residual reactive tissue from previous alloplastic failure and disease in the periphery of the region, thus mini- was noticed in any of the patient in the fat group, whereas 7 control patients developed heterotopic bone and reoperation was required. They concluded that autologous fat transplantation is a useful adjunct to prosthetic TMJ reconstruction by minimizing the occurrence of joint fibrosis and heterotopic calcification, consequently providing an improved range of movement and jaw function. In his evaluation of 11 patients with 13 ankylosed TMJs treated with gap arthroplasty filled with autogenous dermis-fat harvested from the groin, Dimitroulis [31] found that reankylosis occurred in only one patient at the longest follow-up (average 41.5 months). Mercuri et al. [20] also evaluated 20 patients with 33 ankylosed TMJs fitted with TMJ Concepts total joint prosthesis and periarticular autologous fat. At a mean follow-up of 50.4 months, no case of reankylosis was reported, and maximum incisal mouth opening improved from 11.8 mm to 32.9 mm.
The most common donor site for fat harvesting is the abdomen, however the buttock, thigh, buccal fat pad and breast are other potential donor sites. Complications associated with harvesting of abdominal fat include infection, seroma and abdominal wall injury [8] . Our patient had no complication post-harvesting of the abdominal fat. Previously we have successfully treated TMJ ankylosis with total alloplastic TMJ reconstruction without any fat graft. We therefore consider fat graft as an adjunct therapy, secondary to physiotherapy which we regard as an integral part in the management of TMJ reankylosis and other hypomobility disorders of the TMJ.
We did not consider replacement of the prosthesis since there was adequate function after removal of the ankylotic mass and the components were not mechanically damaged in any way.
Conclusions
It is our view that the basis of management of heterotopic bone formation around TMJ prostheses should include complete or adequate removal of the heterotopic mass, intraoperative stretching of the TMJ to re-establish mouth opening and close monitoring of post-operative physiotherapy. There is plausible justification for use of medication (NSAIDs and Bisphosphonates), radiation therapy and packing of autologous fat around the prosthesis but there is paucity of prospective randomised case controlled studies that validate their benefit. Replacement of the prosthesis may be considered however the cost implications would have to be considered.
Further case reports as well as larger multi-center studies are required to establish a standardized protocol for the prevention and management of this com-
